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Abstract 
Van Den Broeck, J., F. Broeckx and L. Kaufman, Decomposing stochastic frontier efficiency into secular and 
organisational efficiency, Journal of Computational and Applied Mathematics 37 (1991) 251-264. 
In this article we propose to decompose the frontier efficiency into two distinct parts, namely a secular part 
(long-term) and an organisational part (short-term). A product life-cycle model for twelve industries of the 
Belgian manufacturing sector has been tested for the period 1979-1983 by using cluster analysis. Filtering out 
the secular effect for each cluster (groups of firms)- makes it possible to decompose the overall technical 
efficiency. It turns out that for 27 out of 44 groups of firms the organisational part is larger than the secular 
part. Considering the status of the firms, organisational efficiency differences could be analysed directly for 
groups of similar firms. 
Keywords: Cluster analysis, product life-cycle, silhouettes, stochastic frontier, technical efficiency. 
1. Introduction 
Before tackling the efficiency problem in the framework of the frontier approach any further, 
it seems useful to make some distinction between firms in order to avoid false comparisons and 
wrong analyses. One possible way of achieving this goal is to analyse the firm’s economic 
behaviour from a long-term and a short-term perspective. In this way we will be able to 
reinterpret the overall frontier efficiency measure as a composed measure, consisting of two 
parts, one describing long-term effects and the other short-term effects. It is the aim of this paper 
to decompose overall technical frontier efficiency into these two parts. In our opinion the 
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method presented here will mostly invalidate the observation made by Easterfield in his 
comments on [l]. He pointed out that it is necessary to assess efficiency in terms of what the 
firms are trying to do. The efficiency frontiers will be different depending upon whether the 
firms are facing short- or long-run problems. Muddling these frontiers will be fatal for the 
efficiency measure. Easterfield then concluded: “. . . the idea of looking for the best firm ought 
to be cut out. It has bedevilled all the ideas of productivity” [l, p.2861. Calculating the long-term 
part, indicating secular effects, and the short-term part, indicating organisational effects, will not 
only invalidate Easterfields’ assertion but will also provide the opportunity to investigate the 
relative importance of these two. To consider the frontier approach as a technical efficiency 
measuring device in this way may help to make efficiency analysis more accurate. 
As shown in [8], the long-term vision of a firm, embodied in investment decisions to increase 
its ability to develop new products for future markets, will certainly affect its technical efficiency 
rate. Obviously, a firm’s decision to invest in R&D will increase costs and decrease total profits 
in the short run, i.e., no corresponding increase in production will occur. In comparison with 
firms which do not make such an investment, the firms increasing R&D will look less efficient. 
However, this is a short-term view and the resulting efficiency measure is a misleading one. 
Filtering out short-term effects or long-term development by explicitly incorporating factors 
which take the effects of such actions into account seems a ,natural way of dealing with this 
problem. Such action will provide efficiency ratios at various levels, each level representing a 
certain stage in the development of the firm as defined by investment actions (or nonactions) in 
the past and by forces external to the firm (e.g., changing demand patterns). As a long-term filter 
the product life-cycle approach will be used. Calculations over several years (1979-1983) in order 
to detect possible firm movements in time which would emphasise the importance of decompos- 
ing overall frontier efficiencies will be carried out as well. Recalculating and rearranging the 
efficiency measures in relation to their “pure” organisational differences will provide the basis 
for further research. In this respect this article can be considered to be a logical continuation of 
our research dealing with frontier efficiency in the framework of the product life-cycle. 
2. The product life-cycle model 
The product life-cycle model, as we described at greater length in [8], gives us a means to deal 
with the time aspect of the efficiency issue. We assume each firm to behave to a certain extent 
like a product. However, unlike most products which disappear after a while, we assume that the 
firm has the power to create new products which it will use to survive. Most firms, however, 
produce not a single product but a range of products. Using the product life-cycle model as a 
device for tackling long- and short-term aspects of efficiency we consider the firm as a unit which 
produces a hypothetical single product composed of goods actually manufactured by the firm. 
The success of this hypothetical product will depend on the success of each particular product 
which forms a part of the former. We assume that the development of new products plays a 
crucial role in this approach, because the survival of the firm depends on it. However, the pace of 
creating new products can be different for each firm, generating different relative technical 
efficiencies. There are no a priori reasons to believe that firms will maintain an “average” 
hypothetical single product. The opposite might be more realistic because most frontier produc- 
tion work indicates that firms are mostly producing below their potential level, due to manage- 
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ment myopia, inert areas, etc. So, it seems reasonable to us to assume that most firms are on 
different stages in the life-cycle. Of course, a detailed investigation of the output of each firm 
should give more insight in the life-cycle stage of each single product and might even reveal 
relations among products. However, we consider the firm as a whole and are not interested in the 
performance of a particular single product. This might be of some importance in the explanation 
of efficiency differences. 
We distinguish four phases of a product’s life-cycle in our model: design, growth, maturity and 
decline. In order to identify these different phases and to use them as a device to filter out the 
long-term, or secular, effect from the total technical efficiency measure, we adopt a global 
profitability variable, which in combination with the efficiency measure will assign the firms to 
their specific phase. In the design phase we can normally expect that both technical efficiency 
and economic performance (profitability) will be low. High investment in R&D in this phase 
will lower technical efficiency and declining demand for the former product will squeeze profits. 
The second phase, or growth, shows the reverse picture. The former investment in R&D will 
begin to bear fruit and the demand for the new product will increase and so will the revenue of 
the firm. More effort can now be devoted to the improvement of the production process itself, 
with an increase of technical efficiency as a result. The next two phases demonstrate a further 
improvement of technical efficiency but a decreasing economic performance caused by a 
shrinking demand for the aging product. To avoid a sharp drop in sales the firm will design a 
new and more sophisticated product, starting a new cycle. 
The product life-cycle model - as outlined here - only describes a simple behaviour of the 
firms in the technical efficiency/economic performance plane. In the real world firms can defend 
themselves by other means such as continuous and more productive R&D, thus avoiding the 
phase of decline. They can optimise their efforts in order to reach a high-level position both 
economically and technically. The firms located at such a position can be denoted as firms of 
excellence. These firms could take an outlier position which would indicate a supplementary 
phase in the product life-cycle model (i.e., extended model). Each phase identifies a separate 
group of firms with its own characteristics and qualities, which will make the analysis of 
technical efficiency and the understanding of it less complex. 
3. Data and method 
In order to detect the groups of similar firms we need reliable technical efficiency and 
economic performance measures. This implies the need to have qualitatively good data at the 
firm level. These data are available at the Accounts Centre of the National Bank of Belgium for 
each Belgian manufacturing firm with 50 employees or more, with sales (without value added 
tax) greater than 50 million Belgian francs (BEF) or total assets (net of depreciation) of at least 
25 million BEF and without any major financial activities. Based on the calculations and tests 
performed in [7], we selected thirteen 3-digit industries in the NACE classification (Nomencla- 
ture g&r&ale des Activites Cconomiques dans les Communautes Europeennes) from 1979 till 
1983. The necessary data we need to calculate the efficiency measure are the measures of 
production, labour and capital stock. Production has been measured in gross value added terms; 
i.e., operating income minus cost of trade stock, raw materials, consumables and supplies and 
miscellaneous goods and services in millions of BEF. The labour variable is the result of the 
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Table 1 
Results of the stochastic C-D production function frontier for the 3-digit industry brewing and malting (NACE code: 
427) of the Belgian manufacturing sector for the period 1979-1983 (each year and pooled) 
Year Number 
of 
firms 
Constant Elasticities of (r 
production 
Labour Capital 
1979 47 
1980 46 
1981 34 
1982 33 
1983 29 
1979-1983 189 
1.9912 0.6721 0.2033 0.3499 
(0.4958) (0.0703) (0.0481) (0.0677) 
3.4873 0.4188 0.3509 0.3960 
(0.5906) (0.0586) (0.0548) (0.0955) 
0.3094 0.8588 0.1633 0.2690 
(0.3799) (0.0607) (0.0479) (0.0325) 
- 0.3470 1.0583 0.0264 0.3301 
(0.5754) (0.0183) (0.0580) (0.0681) 
- 0.1721 0.9448 0.1224 0.3161 
(0.0605) (0.0561) (0.0532) (0.0434) 
1.8004 0.6542 0.2584 0.4162 
(0.4087) (0.0494) (0.0329) (0.0469) 
Efficiency 
parameter 
x 
0.2918 
(0.1107) 
0.3584 
(0.1601) 
0.0088 
(0.0001) 
0.0349 
(0.1905) 
0.0105 
(0.0001) 
0.2398 
(0.0957) 
Average 
efficiency 
?=l/(l+X) 
0.7741 
0.7362 
0.9913 
0.9663 
0.9896 
0.8066 
The set of results of the other selected industries are available to interested readers on written request. 
summation of the remuneration and social benefits of the workers, which in a way takes into 
account the quality of labour and consequently will avoid the bias caused by the introduction of 
unweighted labour. The capital stock variable equals net tangible fixed assets (i.e., land and 
buildings, installations, machines and equipment, furniture and rolling stock, construction in 
progress and advance payments, fixed assets held on long lease, other tangible fixed assets) also 
expressed in millions of BEF. 
In our search for a pattern which would show the behaviour of the firms, we only take into 
account the firms we selected in [8]. New entrants are not retained, but firms which vanish due to 
bankruptcy or declining size (no reporting obligation is necessary then) during the period under 
consideration partly remain in the sample. The result of this approach gives a shrinking sample 
for each industry each year (see Table 1). The recession in Belgium during this period certainly is 
responsible for this decline in sample size. Especially in the following industries the decline is 
very dramatic: clay products (43%), civil engineering (43%) and brewing and malting (45%). 
These different sample sizes for each year in the same industry would disturb the comparison of 
the efficiencies of the same firm because those efficiency measures would be based on a different 
frontier. To avoid this problem we consider each firm in each year as an independent firm and 
calculate an overall frontier for each industry for the 1979-1983 period. Such an approach gives 
the opportunity not only to increase the industry samples dramatically (149 observations for the 
smallest sample to 423 observations for the largest sample, totalling 2803 observations) but also 
to track down some efficiency differences for each firm within a particular group or between 
groups of firms during the period under consideration. 
The economic performance variable, which together with the efficiency variable, enables us to 
identify different groups of firms has been expressed in global profitability terms. The latter 
measures the global financial performance and is the result of the cash-flow plus the cost of debt 
divided by total assets (net of depreciation). This ratio is free from fluctuations generated by 
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amortisation schemes influenced by tax incentives and is therefore a better measure than pure 
profit over total assets [9]. This economic performance ratio has been related to the correspond- 
ing individual technical efficiency measure of the firms under consideration. 
Based on previous work of the Belgian manufacturing sector in [6] we adopted a generalised 
Cobb-Douglas production function with a composed error structure describing the efficiency 
frontier. The components of the composed error are a statistical disturbance term e” due to 
randomness, specification and measurement error, with u distributed normally with a zero mean 
and a variance u2, and a disturbance term e-’ due to inefficiency, with u distributed exponen- 
tially with mean h. The latter distribution generates an efficiency distribution e-’ which is very 
flexible and - what is more important - from an economic point of view is very appealing [4]. 
The probability density function (pdf) of this composed distribution w = u - u is 
h(w) = & erf c[ --$ - --&I exp[$F], (3.1) 
and 
erf c(t) = 1 - -& /,’ e-O* do, 
i i 
representing the complement of the error function. 
The maximum likelihood method gives the estimates of the parameters and the asymptotic 
standard errors. The average technical efficiency for each industry is 
7=E(e-“) = A. (3.2) 
The individual technical efficiency for each firm is obtained by calculating the mean of the 
conditional distribution of the inefficiency error u given the total error w [2]. The transformation 
of the mean of the conditional distribution of the efficiency error gives the individual efficiency 
of each firm, i.e., 
E(u,IWi)=u ftab - wi/“> wi 
$ erf c( a/( ha) - wi/( f~\iz)) - ( )I --- ;: (J’ 
with f representing the standard normal density. 
The individual technical efficiency may now be calculated as: 
ii = E(e-“l) = 
(l:&) . 
(3.3) 
(3.4 
Because this research is the continuation of our previous work concerning efficiency identifica- 
tion [8], we also use the cluster analysis here. 
The algorithm used is based on the K-median model. For this method we refer to [3]. This 
model searches for K representative objects 0, among all objects of the data set, the so-called 
“centrotypes”. These represent, as accurately as possible, the “different” aspects of the structure 
of the data. A medoid of a cluster is one of its objects, chosen to minimise the sum of the 
distances (or dissimilarities) to the other objects. A distance between Oi and Oj, denoted 
d( Oi, Oj) has to satisfy classically 
d(O,, Oj) = d(Oj, Oi) > 0, with d(O,, Oi) = 0. 
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The K-median model is essentially a search for K objects, so that the sum of the distances of 
each of the other objects to the nearest of the K medoids is minimised. For our purpose 
Euclidean distances between objects were used, because there is no a priori reason to assume 
nonlinear distances between objects. 
This new technique enables us to decide which number of clusters, possible present in the 
data, we prefer. Therefore we use the notion “silhouette” ratio S(O,), which is a measure of 
clustering for each object 0,. The mean of the silhouettes of each object in the same cluster will 
indicate the quality of that particular cluster. The average silhouette ratio of the entire data set 
will present eventually the overall quality measure of the clustering process [5]. The silhouette 
ratios bounded by definition between - 1 and + 1 can be interpreted as follows. 
- If S(0,) tends to + 1, the “within’‘-distances are much smaller than the smallest “between”- 
distance. This implies that Oi is “well-clustered”. 
_ If S( 0;) tends to zero, it is “not clear” at all if 0, should be assigned to cluster A or B. 
_ If S(0,) is negative, Oi lies on the average closer to B than to A, and we may say that 0, is 
“actually misclassified”. 
4. The clustering results 
In order to proceed with the clustering analysis, we calculated the average frontier efficiency 
for each industry for the period 1979-1983 (see Table 2). These efficiency measures reflect the 
behaviour of the firms relative to other firms and within a specific time period. The latter points 
to the fact that one and the same firm represent several observations in the industry sample. To 
avoid the impression that each observation in a specific industry is an independent firm, we 
replaced the word “firms” by the word “observations” in Table 2. Due to narrow quadratic 
regions some asymptotic standard errors are very small. Those are not reported and have been 
replaced by a dash. These average efficiency measures are weighted averages of the efficiency 
measures of each year with respect to the overall frontier of the industry. Thus, the frontier in 
case of the pooled approach is the result of the dynamic behaviour of the firms and their 
intra-industry relationship (see Table 1). Only the parameters of the stochastic production 
function frontier for the period 1979-1983 have been used to calculate the individual technical 
efficiency measures. 
Combining these technical efficiency measures with the corresponding economic performance 
ratios for each industry and eliminating these firms which could not provide a performance ratio 
due to lack of data (diminishing the whole sample to 2722 observations), we calculated seven 
constellations (from two to eight clusters) with corresponding overall average silhouette ratios 
which are the weighted averages of the silhouette ratios of each separate cluster within the 
industry (Table 3). These clustering results indicate a weak preference for a 2-cluster constella- 
tion for six out of thirteen industries. However, for the industry civil engineering and mechanical 
handling equipment, the difference between the silhouette ratio for the 2-cluster constellation 
(0.46) and the silhouette ratio of the 3-cluster constellation (0.45) is very small, and for the wool 
industry the silhouette ratio of the 4-cluster constellation equals that of the 2-cluster pattern. 
Taking these remarks into consideration we can say that nine industries out of thirteen show 
fairly reliable constellations with more than two clusters, which might indicate a life-cycle 
pattern - but not necessarily - given the dynamic nature of the data. The quality of the 
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Table 3 
Silhouette ratios of the multiple clustering for 13 selected 3-digit industries of the Belgian manufacturing sector 
(197991983) for two dimensions (technical efficiency-economic performance (global financial performance ratio)) 
Codifi- Industry (number of observations) Clusters 
cation 2 3 4 
NACE 
5 6 7 8 
231 Building and refractory clays (169) 0.43 0.45 0.40 0.39 0.41 0.41 0.39 
241 
257 
316 
325 
413 
422 
427 
431 
432 
438 
472 
483 
Clay products (146) 
Pharmaceutical products (146) 
Tools and finished metal goods 
(397) 
Civil engineering, mechanical 
handling equipment (148) 
Dairy products (207) 
Animal and poultry foods (244) 
Brewing and malting (184) 
Wool industry (173) 
Cotton industry (168) 
Floor covering (201) 
Paper and board (191) 
Plastics (348) 
0.48 0.41 0.40 0.37 0.38 0.39 0.37 
0.35 0.39 0.42 0.41 0.36 0.35 0.37 
0.42 0.31 0.31 0.35 0.28 0.31 0.29 
0.46 0.45 0.41 0.39 0.37 0.38 0.38 
0.47 0.37 0.38 0.40 0.38 0.37 0.36 
0.48 0.46 0.47 0.50 0.50 0.48 0.51 
0.32 0.30 0.34 0.30 0.28 0.32 0.34 
0.39 0.38 0.39 0.33 0.32 0.34 0.30 
0.35 0.37 0.28 0.30 0.35 0.37 0.33 
0.49 0.35 0.38 0.30 0.33 0.32 0.33 
0.36 0.37 0.40 0.33 0.36 0.34 0.35 
0.41 0.44 0.33 0.36 0.37 0.31 0.33 
clustering is fairly good. The overall average silhouette ratio goes from 0.34 (brewing and 
malting) to 0.51 (animal and poultry foods). The median of these silhouette ratios is 0.44. 
If we compare these results with our previous research in [8], we see that for the period 
1979-1983 the range of the silhouette ratios is smaller and at a lower level. The differences 
between the extreme values are 0.05 for the smallest silhouette ratio and 0.14 for the largest 
silhouette ratio both downward. Because we know that the overall average silhouette ratios are 
the weighted averages of the silhouette ratios for each separate cluster in each industry, we can 
conclude that the picture - and hence the model - is becoming vague. Apparently, this 
phenomenon influences the construction of the clusters of the different industries and conse- 
quently the silhouette ratios. Analysing the medoid of the best cluster constellations (i.e., the 
largest overall average silhouette ratio) for each industry, it seems that these constellations do not 
support the product life-cycle model anymore, except for the brewing and malting and cotton 
industries. However, if we relax our criterion of largest average silhouette ratio we do find some 
support for the extended product life-cycle model. All the industries in our sample, except for 
civil engineering and mechanical handling equipment, animal and poultry foods and plastics, 
show a weak but clear picture of the life-cycle pattern. These observations (i.e., a small average 
silhouette ratio and a weak life-cycle pattern) suggest that for the period under consideration 
some model shifting or some cyclical behaviour of the firms with a different pace occurred. 
Consequently, such behaviour can cause a very unclear life-cycle model, which, eventually, will 
show a tendency to vanish. Breaking down the pooled data set into several groups of annual data 
reveals that some firms move from the decline phase to the design phase (for example, the firm 
Belmagri in building and refractory clays) and remain for the rest of the period at that level; 
other firms gyrate within the phase they occupied at the start of the period and do not move to 
another phase (for example, pharmaceutical products). The former weaken the negative relation- 
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Table 4 
Overall average silhouette ratios for the 3-digit industry brewing and malting of the Belgian manufacturing sector for 
the period 1979-1983 (each year and pooled) 
Year Clusters 
2 3 4 5 6 7 8 
1979 0.43 0.39 0.41 0.41 0.38 0.41 0.38 
1980 0.30 0.29 0.31 0.31 0.29 0.32 0.32 
1981 0.79 0.36 0.30 0.33 0.30 0.29 0.31 
1982 0.43 0.43 0.40 0.44 0.40 0.37 0.36 
1983 0.42 0.40 0.43 0.45 0.39 0.38 0.41 
1979-1983 0.32 0.30 0.34 0.30 0.28 0.32 0.34 
The set of results of the other selected industries are available to interested readers on written request. 
ship between technical efficiency and economic performance, the latter reinforce a particular 
relationship (in our case, a general positive relationship) but decrease the coherence of the 
cluster. 
Calculating the best clustering for each industry for each year and comparing the resulting 
silhouette ratios with those of the pooled data, we see that all industries have mostly larger 
silhouette ratios than those of the whole period. This indicates a weaker coherence for the pooled 
years (see Table 4). Observing the year constellations, and from these the medoids of their 
clusters, it follows that we find more support for the product life-cycle model than in the case of 
the pooled data. It is true, using the latter, in our case, that it means more observations and from 
this the study of the dynamic behaviour of firms but it certainly creates more vagueness in the 
product life-cycle model and as a consequence more unclear patterns. 
5. Decomposing the frontier efficiency 
Although testing the product life-cycle hypothesis to find certain constellations of groups of 
firms within an industry is important, the ultimate aim of this research is to split up the 
individual technical efficiency measure into two parts - a secular (product-bound) part and an 
organisational part. The latter is usually considered responsible for the technical efficiency 
differences among firms; however, both are important to understand the efficiency phenomenon. 
To obtain less-biased technical efficiency measures of the organisational kind, it is necessary to 
filter out the secular part and to recalculate technical efficiency. In our case, it means that we 
consider each calculated cluster at the best proclaimed constellation as separate groups de- 
termined by the same organisational forces. In other words, the elimination of the secular part 
enables us to conduct a less-biased efficiency analysis of the organisational part by putting all 
the firms at the same level. Therefore, the most technically efficient firm eicrnaxj in each cluster 
will be transformed to a “frontier” firm at that level, i.e., its technical efficiency will equal one 
(l,,,). The difference between the frontier firm of a particular group and the overall frontier (i.e., 
for the whole constellation), denoted frontier distance AC.., will be used to recalculate the 
individual technical efficiencies of each firm in that group: 
(5.1) 
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The summation of the frontier distance A&. with the overall minimum individual technical 
efficiency ciCminJ p rovides us with the measure of “purely” organisational technical efficiency 
with eorg(min) as the smallest organisational efficiency: 
‘i(min) + ‘4 = Eorg(min) w 
and 
Ei(max) + w = Lg. (5 4 
The results of all the groups of the industry are comparable now. Obviously, the calculated 
inefficiencies of the firms are smaller, because these firms are considered only to be afflicted by 
organisational forces, which are only a part of the whole inefficiency picture. 
The overall frontier difference itself gives some idea of the position of the group of firms 
within the constellation, or stated another way, the position within the product life-cycle model. 
The coordinates of the real location can only be provided if in addition to the technical efficiency 
measure, the economic performance variable is considered as well. With respect to the overall 
technical efficiency, the frontier distance indicates the relative importance of the secular part of 
it for the group of firms under consideration. If the frontier distance is larger than the maximal 
width of the organisational part (i.e., one minus the smallest recalculated individual (firm) 
organisational efficiency measure of that group), the secular part is the more important one. 
Otherwise, the organisational part contributes more to the explanation of the overall technical 
efficiency. At the firm level, the organisational part of the overall technical efficiency can differ 
for each firm but if one takes the group of firms as a whole, then it is very easy to calculate the 
relative contribution of each part, which enables one to display the relative significance of both 
parts in this partitioning process. 
The secular part is calculated as follows: 
A4 
1 - Ci(fin) x loo, 
and the organisational part: 
1 
0% - h&nin) 
X 100 or 
‘i(max) - ‘i(min) 
1 - fi(min) ’ - ci(min) 
x 100. 
(5 4 
(5.5) 
Using the results of the cluster analysis, we calculated the frontier distance and the smallest 
individual organisational efficiency for each group of firms within the best constellations per 
industry. 
Departing from these frontier distances and organisational efficiencies, we calculated the 
relative contribution of the secular part as well as of the organisational part (Table 5). In general, 
for the period 1979-1983, the organisational efficiency appears to contribute most to the 
explanation of the overall technical efficiency, and this for 27 out of 44 clusters. These relatively 
larger organisational parts fluctuate between 87.8% and 50.3%. Nevertheless, the secular part of 
technical efficiency remains an important factor for the analysis. Moreover, for isolated firms 
(singletons) it is the only factor that matters. Taking into account all the clusters of the 
constellations under consideration the secular part of technical efficiency fluctuates then between 
100% (singletons) and 12.2%. Negligence of this fact would certainly bias further technical 
efficiency analysis, especially for the industries brewing and malting, cotton, and to a lesser 
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Table 5 
Relative contribution of the secular part and the organisationaf part to the overall frontier efficiency for 12 3-digit 
industries of the Belgian manufacturing sector for the period 1979-1983 (pooled) 
Cluster Size Frontier Smallest Relative efficiency 
(silhouette) distance 
1-e I(max) = AFI 
organisational 
efficiency 
er(min) + AFr = e,,g(tin) 
Secular Organisational 
AF, 1 
1-c x 100 
0% - eorg(min) 
l--E 
x10 
l(mill) l(min) 
Building and refractory clays (NACE: 231) 
1 (0.43) 60 0.1232 0.6519 
2 (0.46) 107 0.0612 0.8083 
3 (0.67) 2 0.7219 0.8936 
Clay products (NACE: 241) 
1 (0.29) 58 0.1620 0.5297 
2 (0.60) 88 0.0479 0.8296 
Pharmaceutical products (NACE: 257) 
1 (0.51) 81 0.0778 0.8853 
2 (0.26) 41 0.0513 0.8758 
3 (0.36) 22 0.1831 0.8033 
4 (0.73) 2 0.5830 0.9056 
Tools and finished metal goods (NACE: 316) 
1 (0.42) 252 0.0914 0.6254 
2 (0.42) 145 0.0538 0.8421 
Civil engineering, mechanical handling equipment (NACE: 325) 
1 (0.53) 75 0.0469 0.9164 
2 (0.18) 25 0.0698 0.6640 
3 (0.46) 48 0.0402 0.9371 
Dairy products (NACE: 413) 
1 (0.41) 96 0.0652 0.8058 
2 (0.53) 111 0.0710 0.9604 
Brewing and malting (NACE: 427) 
26.1 73.9 
24.2 75.8 
87.2 12.8 
25.6 74.4 
21.9 78.1 
40.4 59.6 
29.2 70.8 
48.2 51.8 
86.1 13.9 
19.6 80.4 
25.4 74.6 
35.9 64.1 
17.2 82.8 
39.0 61.0 
25.1 74.9 
64.2 35.8 
1 (0.56) 6 0.3942 0.8181 68.4 31.6 
2 (0.17) 32 0.1699 0.8432 52.0 48.0 
3 (0.44) 15 0.0713 0.7446 21.8 78.2 
4 (0.36) 24 0.1841 0.9426 70.9 29.1 
5 (0.38) 45 0.1343 0.9170 61.8 38.2 
6 (0.42) 33 0.1104 0.9233 59.0 41.0 
7 (0.27) 28 0.0711 0.8327 29.8 70.2 
8 (-) 1 0.2109 1.0 100.0 _ 
Wool industry (NACE: 431) 
1 (0.13) 27 0.0850 0.5593 16.2 83.8 
2 (0.46) 103 0.0594 0.8442 27.6 72.4 
3 (0.41) 42 0.0497 0.8854 30.2 69.8 
4 (-) 1 0.1751 1.0 100.0 - 
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Table 5 (continued) 
Cluster 
(silhouette) 
Size Frontier 
distance 
1-e l(max) = AF, 
Smallest 
organisational 
efficiency 
er(min) + AFI = eors(tin) 
Relative efficiency 
Secular Organisational 
AF, 1 x 100 0% 
- %rs(min) 
l-t 1-e 
x10 
l(min) l(min) 
Cotton industry (NACE: 432) 
1 (0.05) 6 0.2436 
2 (0.31) 48 0.0973 
3 (0.30) 25 0.1569 
4 (0.42) 26 0.1694 
5 (0.43) 43 0.0874 
6 (0.43) 16 0.0846 
7 (0.63) 4 0.0997 
0.7941 54.2 45.8 
0.9327 59.1 40.9 
0.8974 60.5 39.5 
0.9207 68.1 31.9 
0.9269 54.5 45.5 
0.9101 48.5 51.5 
0.9784 82.2 17.8 
Floor covering (NACE: 438) 
1 (0.38) 68 0.0405 
2 (0.55) 133 0.0442 
Paper and board (NACE: 472) 
1 (0.51) 93 0.0697 
2 (0.04) 33 0.0915 
3 (0.42) 64 0.0733 
4 (-) 1 0.4109 
0.9329 37.6 62.4 
0.6833 12.2 87.8 
0.9038 42.0 58.0 
0.5789 17.9 82.1 
0.9258 49.7 50.3 
1.0 100.0 _ 
Plastics (NACE: 483) 
1 (0.21) 51 0.1032 0.7058 26.0 74.0 
2 (0.59) 187 0.0403 0.8818 25.4 74.6 
3 (0.28) 110 0.0442 0.7076 13.1 86.9 
extent, pharmaceutical products, and paper and board, where the secular part of technical 
efficiency plays a major role. This is partly due to the multitude of clusters (i.e., limited 
observations per cluster) and probably partly due to the strategy followed by the firm (i.e., slack 
capacity policy). 
Focusing our attention on the firms themselves, especially the firms in the phase of decline or 
bottom group firms, it appears that in most industries these firms are small independent family 
firms or sometimes subsidiaries of European parent companies (for example, Sandoz N.V. 
(pharmaceuticals), Thomas Locker N.V. (civil engineering, mechanical handling equipment) 
[lo]). Only the industries wool and plastics are exceptions. The former contains in its bottom- 
group a Belgian parent company, namely Peltzer et fils S-A., which, however, vanished in 1981. 
Plastics is the only industry which displays in its phase of decline an American subsidiary 
(Emerson & Cuming Europe N.V., with parent company W.R. Grace & Co, USA), but only in 
1979. After that year it jumps to the level of excellence which corresponds more to the behaviour 
of most American companies. The second oil crisis might explain this exceptional behaviour. The 
other parent companies are usually found in top-group or quasi top-group firms. 
Considering these observations, the data at hand might suggest that there is some relationship 
between a specific status and a particular level of economic performance. If this would be true, a 
simple classification of the firms according to their status, would provide us with groups of 
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similar firms. Technical efficiency differences among these firms would be only of an organisa- 
tional nature. However, this is probably only true for firms with a specific status. For all other 
cases, decomposing technical efficiency - in our opinion - remains necessary. 
6. Conclusion 
Decomposing the frontier efficiency from a dynamic product life-cycle perspective provides us 
with two distinct parts, namely a secular part (long-term) and an organisational part (short-term). 
The silhouette concept provides us with the means to indicate the best clustering of firms by 
life-cycle phase before decomposing overall technical efficiency into its constituents. 
Although the use of pooled data dramatically enlarged our sample, it turns out that for most 
industries the product life-cycle becomes more vague, as do the different phases of it. However, 
relaxing the silhouette criterion reveals that eleven out of thirteen industries show a more or less 
pronounced life-cycle model (civil engineering and mechanical handling equipment and plastics 
are the exceptions). Nevertheless, in this article we only consider the best constellations, 
disregarding some possible misclassification of firms, which could belong more to another phase 
than to the phase to which they are assigned. This fact does not diminish the importance of 
splitting up the industries in groups of firms, it only warns us to be cautious in the interpretation 
of the results of the analysis. Because each constellation of firms describes a specific phase or 
subphase of the life-cycle, there is no point in mixing these groups - and their firms - with 
one another. They are as different as chalk and cheese. Hence, the overall frontier efficiency 
measure is a misleading measure, and needs some modification. 
Filtering out the secular effect for each group and leaving only the effects of an organisational 
nature, gives us the possibility to decompose the overall technical efficiency in two parts, the 
secular and the organisational part. Considering the largest individual technical efficiency 
measure for each group as an organisational frontier, and calculating the frontier distance which 
equals the secular part and transforming the overall efficiency into an organisational technical 
efficiency, it turns out that for 27 out of 44 groups of firms the organisational part is larger than 
the secular part. Of course this differs for each single firm, depending on its location in the 
group. This result clearly emphasises the importance of the organisational part, but stresses the 
effect of the secular part at the same time. Neglecting this fact can only impair further efficiency 
analysis. 
If we look at the status of some individual firms, we see that parent firms and American 
subsidiaries enter the phase of decline (bottom-group) only in exceptional cases. They mostly 
gyrate within the top-group or quasi top-group firms. In spite of the rather short period of 
investigation of the dynamic behaviour of the firms with respect to their status, the results do 
suggest some relationship between a specific status and a particular level of economic perfor- 
mance. In that case, a simple selection of the firms at hand would provide groups of similar 
firms, whose organisational efficiency differences could be analysed directly. However, further 
research is required. 
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